Introduction: Since the reproducibility of the Schatzker and AO tibial plateau fracture classification systems has already been assessed, the goal of this study was to evaluate the Duparc classification system and compare it to the other two. Hypotheses: CT scan is better than X-rays for analyzing and classifying tibial plateau fractures. The Duparc classification system is more effective than the other two systems but could be improved by adding elements of each. Materials and methods: Six observers analyzed images from 50 fractures and then classified them. Each fracture was evaluated on X-rays. Two weeks later, these same fractures were evaluated on X-rays and CT scans. The same process was repeated four weeks later. The Kappa coefficient () was used to measure agreement and contingency tables were built. Results: The interobserver reproducibility for the X-ray analysis was poor for the Duparc and AO classifications ( Duparc = 0.365; AO = 0.357) and average for the Schatzker classification ( Schatzker = 0.404). The reproducibility was improved overall when CT scans were also analyzed ( Duparc = 0.474; AO = 0.479; Schatzker = 0.476). A significantly greater number of fractures could not be classified in the Schatzker system than in the others (14.3% versus 2% for Duparc and 7.33% for AO). Review of the contingency tables revealed that the Schatzker and AO classification systems did not take certain fracture types into account. Seventy-one percent (71%) of the lateral unicondylar split fractures were found to be combined fractures when CT scan analysis was added.
Introduction
Tibial plateau fractures must be properly identified before they can be treated. The first classification system was proposed by Marchant [1] , who described three fracture types: split, depression and combined. The 1960 Duparc and Ficat classification [2] (revised in 1990 [3] ) is used in France. The Schatzker classification system [4] is the most commonly used in English-language and international publications. The AO classification system [5] is one part of a general alphanumeric classification system for all fractures. Other existing classification systems are not widely used [6, 7] . The performance of the Schatzker and AO systems has already been studied [8] [9] [10] [11] [12] [13] [14] [15] . Results vary depending on the imaging modality used; CT scan has been shown to improve reproducibility. However, the Duparc classification has not been evaluated to the same degree.
The main goal of this study was to compare these three classification systems by evaluating their intra-and interobserver reproducibility with conventional X-rays then with CT scan and then determining their ability to classify as many fractures as possible, to determine which system is the most relevant. We hypothesized that CT scans would be better than conventional X-rays and that the Duparc classification would be the most relevant.
Material and methods
Only recent tibial plateau fractures in adults having good quality X-rays and CT scans were included. Intercondylar eminence and tibial tuberosity fractures were excluded. Of the 117 records from various hospital centers in France (Angers, Caen, Nantes, Poitiers, Tours, Rennes) meeting these criteria, 50 were randomly selected in accordance with similar published studies [8] [9] [10] [11] [12] [13] [14] [15] .
Two digital imaging files were created for each fracture. One file contained the AP and lateral X-rays (¾ views were not always available) and was called the ''X-ray'' file (XR). The other file contained the same X-rays plus six axial, six coronal and six sagittal CT slices and was called the ''X-ray with CT'' file (XR/CT). All files were made anonymous and randomly numbered within the two groups (XR and XR/CT) so that no pattern was apparent.
Six observers from Rennes and Poitiers (1 university professor/staff physician, 1 fellow and 1 resident at each center) analyzed and then classified each fracture. None had been involved in treating these fractures or in selecting the images. The data was collected in an Excel spreadsheet with drop-down lists for each response. To standardize the answers, a user manual was given to each observer with reminders of the classification systems (diagrams and written descriptions) and detailed information on the studyrelated items and potential answers.
Injury features were described with 22 items (Table 1 ). The Duparc classification ( Fig. 1 ) consisted of five fracture types (lateral unicondylar, medial unicondylar, bicondylar, spinocondylar, posteromedial) and 16 sub-types; the Schatzker classification ( Fig. 2 ) had six types, and the AO classification ( Fig. 3 ) had 7 types (A was excluded; B1, B2, B3, C1, C2, C3 were included) and 14 sub-types. Each fracture was classified (or not classified) among the types and sub-types in the Duparc and AO systems and the types in the Schatzker system by the six observers.
Each observer analyzed the XR file and then the XR/CT file two weeks later (first round) to evaluate the relative contribution of CT scanning. The entire process was repeated four weeks later (second round). Each analysis comprised 300 answers. The interobserver reproducibility was calculated on the data from the first round to avoid recall bias. The averages of all intra-and interobserver Kappa coefficients were calculated and compared using Student's t-test (paired when appropriate).
The Kappa was calculated by taking into consideration the Duparc and AO sub-types and the Schatzker types, and then the Duparc types (simplified Duparc classification) and AO types (simplified AO classification) to have the same or nearly the same number of responses for each classification system. The Kappa coefficient [16] reflects how many responses the observers agreed on and how many agreements occurred by chance [17] . When there is 100% agreement, it has a value of 1.00 (maximum); when the agreement is attributed only to chance, its value is 0 (minimum). The values were interpreted according to Landis and Koch [18] : < 0.21 slight; 0.21-0.40 fair; 0.41-0.60 moderate; 0.61-0.80 substantial; 0.81-1.00 excellent.
Contingency tables (cross tabulations) were built using the 300 XR/CT evaluations in the first round and the 137 fractures that were classified as lateral unicondylar during the first round. The rate of non-classified fractures for each classification system was determined from the sum of ''nonclassified'' responses during the first round and statistically evaluated with a Z-test. The statistical analysis was performed with XL Stat software (Addinsoft © , New-York, NY, USA). Significance threshold was set at 0.01.
Results

Duparc classification
The interobserver correlation was fair with XR ( XR = 0.365) and moderate with XR/CT ( XR/CT = 0.474) ( Table 2 ). The intraobserver correlation was substantial with XR and XR/CT ( XR = 0.663; XR/CT = 0.784). When the ''simplified'' classification with five types was used, the inter-and intraobserver correlations improved to substantial and excellent, respectively ( XR = 0.647; XR/CT = 0.736; XR =0.821; XR/CT = 0.889).
With the XR files, 3.3% of fractures could not be classified; with the XR/CT files, 2% could not.
Schatzker classification
The interobserver correlation was moderate for both XR ( XR = 0.404) and XR/CT ( XR/CT = 0.476) ( Table 2 ). The intraobserver correlation was substantial for XR and XR/CT ( XR = 0.626; XR/CT =0.660). With the XR files, 11.7% of fractures could not be classified; with the XR/CT files, 14.3% could not.
AO classification
The interobserver correlation was fair with XR ( XR = 0.357) and moderate with XR/CT ( XR/CT = 0.479) ( Table 2 ). The intraobserver correlation was moderate with XR ( XR = 0.582) and substantial with XR/CT ( XR/CT = 0.694). Use of the ''simplified'' AO classification (7 types only) did not improve these correlations. With the XR files, 5.7% of fractures could not be classified; with the XR/CT files, 7.3% could not.
Contribution of CT scan
Use of CT scan significantly (p < 0.01) improved the interobserver reproducibility in every classification system and the intraobserver reproducibility of the simplified Duparc classification.
Comparison of classification systems
The simplified Duparc classification was more reproducible (p < 0.01) than the Schatzker and AO (even in its simplified version) classification systems. Use of the Schatzker system resulted in significantly higher number of fractures not being classified (p < 0.01). 
Relationship between classification systems after XR/CT
• Of the posteromedial fractures identified in the Duparc system, 72% were not classified in the Schatzker classification and 44% in the OA classification (Table 3) ; • Schatzker type IV fractures were classified as spinocondylar (74%), unicondylar (19%), posteromedial (5%) or bicondylar (2%) in the Duparc classification and B3 (53%), B1 (37%), C3 (7%) or non-classified (2%) in the AO system; • in the AO system, 51% of fractures were classified B3 (split depression). They were classified as lateral unicondylar (74%), spinocondylar (14%), medial unicondylar (7%), posteromedial (3%) or bicondylar (2%) according to Duparc and as Type II (74%), IV (15%), V or VI (< 1%) or nonclassified (10%) in the Schatzker system.
Analytical study
In most cases, the correlation was moderate ( Table 4 ). Use of CT scans mostly improved the analysis of lateral and medial plateaus and subcondylar region. The 137 fractures that were classified as lateral unicondylar during the first round XR/CT were the most common and the most revealing with respect to the contribution of CT: 71.4% of ''splits'' on XR 
Discussion
The three classification systems (Duparc, Schatzker, AO) had the same reproducibility when CT scans were used, which is now an essential imaging modality [12] [13] [14] [15] (Fig. 4) . The Duparc classification had the advantage of being more reproducible in its simplified five-type format and allowing a greater number of fractures to be classified.
The Schatzker and AO classification systems have previously been compared in multiple published studies [8] [9] [10] [11] [12] [13] [14] [15] ( Table 5 ). Kappa coefficients were improved when CT scans were added and were a bit better than ours for the AO system, but similar for the Schatzker system. These discrepancies probably stem from having various levels of experience with the classification system and using different methodology [19] . Our poor results with the AO classification system could be due to our lack of experience with this system. Various groups have demonstrated the contribution of 3D reconstructions [12, 15] and MRI [20, 21] , which also allows soft tissue injuries to be assessed. The three classification systems only overlap for Duparc lateral unicondylar fractures, which correspond to Schatzker Types I, II and III and AO types B1.1, B2.1, B2.2 and B3.1 (separating them instead of grouping them). The Duparc and AO systems have other common aspects:
• rare medial unicondylar fracture: B1.2, B2.3 or B3.2; • medial spinocondylar fracture [3, 22] : B1.3. or B3.3; • simple bicondylar fractures, which resemble AO Types C1 and C2 but the AO takes metaphyseal comminution into consideration (C2). Conversely, the Duparc classification better handles articular comminution with ''complex'' (split-depression of lateral plateau) and ''comminuted'' (includes posteromedial fracture) types.
Posteromedial fractures (Fig. 5) , either isolated or associated with another fracture, were a challenge for observers to classify because they are not described in the Schatzker (Type IV?) or AO (Type B1.2?) classification systems. First described by Postel et al. in 1974 [23] and later included in the Duparc classification [3] , these fractures lead to specific problems in terms of approach and fixation [24] [25] [26] [27] [28] .
Schatzker type IV fractures, which are fractures treated through a medial approach, were classified randomly in the other classification systems, suggesting that they encompass different fractures. In the Schatzker classification, the medial fragment can be split or split and depressed, which could correspond to medial unicondylar fractures. His diagrams suggest the intercondylar eminence can be involved; this could be interpreted as a spinocondylar fracture line (Fig. 6 ), but the displacement of this fracture has not been taken into account. In addition, it is hard to relate them with posteromedial fractures having a frontal fracture line. Yang had the same observation [29] . Schatzker type V fractures are bicondylar fractures that do not take into account potential comminution (metaphyseal and/or articular). In the Schatzker classification, they are characterized by metaphysis and diaphysis continuity, which is not correct in many cases. His diagrams show a fracture-split of the two condyles, which we have never observed.
Schatzker type VI fractures have the advantage of capturing a potential association with diaphysis fracture, which is a challenging scenario for fixation. Nevertheless, this does not allow tibial plateau fractures themselves to be described.
Thus it would seem logical to use the Duparc classification as a basis for an improved classification system, as it captures the greatest number of fractures. However, unicondylar fractures could be classified in the same order as Schatzker did to harmonize them, and certain features of both the AO and Schatzker system can be added to the revised Duparc classification:
• metaphyseal comminution of simple bicondylar fractures (from the AO system); • index D is a diaphyseal fracture associated with another fracture (taken from Schatzker). Similarly, the index P can be added to fractures associated with a posteromedial fracture.
Based on our results, these changes find us proposing a revised Duparc classification (Fig. 7) , with acronyms for each fracture (UL1 for Type 1 lateral unicondylar fractures, etc.). 
Conclusion
The simplified Duparc classification was the most reproducible system evaluated and was able to capture the greatest number for fractures. Furthermore, it classifies types of fractures and/or displacements that are not described in any other classification system (spinocondylar fracture, posteromedial fracture). Each of the three classifications systems evaluated has their pros and cons. We believe that a single classification system (revised Duparc) is sufficient for classifying nearly all tibial plateau fractures (Fig. 7) .
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